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Abstract. Many modern technologies for treatment of soil polluted with oil products are developed through creation of 
new and efficient bio-agents that help to degrade oil products. Another trend in development of new technologies aims to 
speed up the growth of soil microorganisms, this way accelerating biodegradation of oil products without the help of in-
troduced microorganisms. The biodegradation of diesel fuel and heavy fuel oil was tested in the soil using chemical addi-
tives (oxidizing agents). The tests aimed to ascertain the impact of H2O2, KMnO4 and MnSO4 on residual concentrations of heavy fuel oil and diesel fuel, and the total number of microorganism colonies, as well as the number of oil-oxidizing 
microorganism colonies in the soil. After the statistical analysis of the data obtained during the experiment, a statistically 
significant (p <0.05) difference between control samples and samples with introduced chemical additives was obtained 
both in the soil contaminated with heavy fuel oil and diesel fuel. It was determined that use of KMnO4 as an oxidizing agent in the soil contaminated with heavy fuel oil, resulted in 3 times less statistically significant residual value of the 
heavy fuel oil concentration than in the control samples; however, no statistically significant difference was found be-
tween oxidizing agents (potassium permanganate and hydrogen peroxide). In cases where soil is contaminated with diesel 
fuel, there is a significant difference between KMnO4 and H2O2, which shows that potassium permanganate has a bigger impact on the degradation of diesel fuel than hydrogen peroxide. The residual concentration of diesel fuel in the samples 
with KMnO4 was 3 times less statistically significant than in the samples with H2O2, and 5 times less than in the control samples. The use of both – KMnO4 and MnSO4 – created more favourable conditions for biodegradation of diesel fuel and heavy fuel oil in the soil. A positive growth of microorganisms using Mn of different valence was observed during the en-
tire course of experiment. Various chemical additives could be used in the technological process of biotreatment, when 
soil is contaminated with oil products.  
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1. Introduction 
As the amounts of cargo handling via Klaipėda Port are 
increasing, the risk of accidents is increasing as well. The 
coastal area is especially sensitive to anthropogenic im-
pact. Oil and oil product spills are possible in all stages of 
oil extraction, production and transportation. Some com-
pounds constituting the composition of oil or oil products 
evaporate (Laškova et al. 2007; Paulauskiene et al. 2009), 
others contaminate the soil or water (Vasarevičius et al. 
2005). 
There exist a lot of technologies for the decontami-
nation of soil from organic contaminants in the world. All 
of them may be divided into two types: in situ – when 
contamination is liquidated in the place of pollution – and 
ex situ – when pollutants are collected and transported to 
the places of treatment or buried in hazardous waste land-
fills. The first type of technologies are usually cheaper; 
however, due to the specificity of the port area, the pollu-
tants are collected and transported to the soil treatment 
sites, as is the case with other industrial objects. Other 
technologies, such as extraction with solvents, adsorption 
and chemical processing, have several disadvantages, 
such as incomplete oil removal, expensive equipment and 
monitoring system requirements, high reagent or energy 
requirements and generation of toxic sludge or other 
waste products that require disposal (Liu et al. 2009). 
Different natural processes may be involved in the hydro-
carbon removal of polluted areas, including evaporation, 
photo-oxidation and microbial degradation. However, 
among these, the application of biological degradation 
strategies for this purpose is of particular interest.  The 
use of biological methods for cleaning oil-polluted 
ground is the most environmentally friendly technology 
available due to its lower risk, price and exploitation 
expenses. One of the main reasons this technology is not 
used more frequently is the length of time required for the 
biodegradation process to occur in climate with low tem-
peratures, which cause a slowdown in the biodegradation 
process (Borden et al. 1995; Richmond et al. 2001; 
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Salminen et al. 2004). Biological cleaning technologies 
are progressing in two ways: through optimization of 
various biodegradation influencing factors, i.e. the in-
crease in both quality and quantity of hydrocarbon de-
grading microorganisms (HDM) (Gallego et al. 2001; 
Atlas 1995; Margesin, Scinner 2001); and production of 
new effective bioagents (Gallego et al. 2006; Mishra et 
al. 2001). As discussed in the literature (Suguira et al. 
1997; Dai et al. 2004), only 10–20% of microorganisms 
extracted from a polluted environment can effectively 
break down oil hydrocarbons. Therefore, to clean pollut-
ed soil, it is necessary to enrich it with selected strains of 
microorganisms that have high hydrocarbon degradation 
activity (Mannisto et al. 2001). Chander and Brookes 
(1993) used complex biocultures for hydrocarbon degra-
dation, which were artificially made of several microor-
ganism species that possess well-know oil oxidation 
properties. Yet other scientists (Oh et al. 1997) used natu-
rally formed microorganism combinations, albeit without 
identifying the individual elements that composed them. 
Despite the fact that biological treatment is the 
cheapest technology with the lowest environmental im-
pact, it does have certain disadvantages. Microorganisms 
are active oxidizing agents of oil and oil products only in 
temperatures above 10 °C (Borden et al. 1995; Rich-
mond et al. 2001). As this technology is largely depend-
ent on the ambient air temperature, the treatment process 
continues for about 6 months in our climate zone. Much 
research is carried out with the purpose to reduce the 
duration of the treatment process. Most often this in-
cludes development of new efficient bioagents and opti-
mization of various technological parameters. Accele-
ration of the natural process can be accomplished through 
artificial means, by addition of nutrients, oxygen, or other 
compounds to stimulate biological activity. 
Earlier research has shown that small concentrations 
of metals may speed up the biodegradation (Zukaus-
kaite et al. 2008). Chemical soil treatment methods are 
normally applied more often when pollutants are resistant 
to biodegradation (Nazina et al. 2008; Ferrarese et al. 
2008), or when the concentration of a pollutant is very 
big (Pignatello, Chapa 2009). The use of chemical sub-
stances is expensive, and chemical oxidizing agents can 
destroy the soil microorganisms. However, it is an effi-
cient method, enabling to reduce the concentration of 
pollutants by approx. 80% within less than 50 days (Xie, 
Barcelona 2003). Other advantages of chemical oxidation 
include formation of small amounts of waste during the 
process and short duration of the process (Goi et al. 
2006). 
Oxygen or some other appropriate electron acceptor 
must be present for microbial metabolism of organic 
substrates. H2O2, and ozone are the most widely used 
oxidizing agents (Goi et al. 2006); however, other oxidiz-
ing agents, such as KMnO4, MgO2 (Xie, Barcelona 2003; 
Chaliha, Bhattacharyya 2008) and Fenton’s reagent (Pig-
natello, Chapa 2009; Lu et al. 2010) may be used as well.  
In attempt to accelerate the process of biodegrada-
tion, research was carried out so as to combine biological 
treatment with chemical oxidation using small concentra-
tions of chemicals. Chemical oxidation increases the 
speed of biodegradation and the efficiency of treatment as 
well as reduces the costs of treatment (Sutton et al. 2010). 
Two oxidizing agents – KMnO4 and H2O2 – were chosen 
for the research. Another source of Mn, i.e. MnSO4, was 
used in attempt to clear out, whether KMnO4 acts as an 
oxidizing agent, or as a microelement speeding up the 
biochemical reactions.  
 
2. Materials and methods 
The soil for research was sampled from the Botanical 
Garden of Klaipėda University. Then it was air-dried and 
stored in the dark. 
During the experiments, an impact of MnSO4, 
KMnO4 and H2O2 was analyzed. The Mn concentration 
was 1000 mg/kg of dry soil in both cases. Chemicals 
were incorporated into the samples in the form of steri-
lized salt solutions. The amount of hydrogen peroxide 
was added so that the amount of oxygen contained therein 
would be equivalent to the amount of oxygen contained 
in KMnO4 (1163.6 mg/kg O of dry soil). 
5 kg of soil was placed into vessels; each test was 
made in triplicate. In one case, soil was polluted artificial-
ly with heavy fuel oil (30 g/kg), and in another – with 
diesel fuel (30 g/kg). After 48 h from the beginning of the 
experiment, chemical substances were added into all 
samples, except for the control sample. The oil product 
destruction process in samples was observed each month 
with the help of IR spectrophotometric analysis. Oil 
products were extracted from soil with chloroform, and 
then a chromatographic column filled with aluminium 
oxide was used to separate other organic compounds. 
Eluate IR-radial absorption was evaluated under wave 
number 1 / 
λ
 = 2930 cm –1.  
The impact of chemical additives on microbiological 
activity was studied by analysis of the samples every 
30 days in order to detect the quantities of aerobic hetero-
trophs and HDMs. Samples were taken from several ves-
sel places and layers: from depths of 0–5 and 5–20 cm. 
1–2 g of polluted soil samples were taken using sterile 
tools and stored in sterile utensils. The samples were 
analysed on the day they were prepared. 
The study was performed on aerobic heterotrophs 
contained in test-tubes under the sterile conditions; and 
the impact of chemical additives was analysed double-
checking all samples. The data were compared with the 
averages of aerobic heterotroph concentrations in the 
control sample. In the experiment, two nutritive media 
were used. The first media consisted of: Ca(NO3)2*4 
H2O – 1.0 g, KNO3 – 0.25 g, KH2PO4 – 0.25 g, 
K2HPO4 – 0.25 g, MgSO4 *7 H2O – 0.25 g, and FeSO4* 7 
H2O – 0.005 g in 1 litre of distilled water. The composi-
tion of the second media was: (NH4)2SO4 – 2.0 g, 
KH2PO4 – 1.6 g, K2HPO4 – 0.3 g, MgSO4 7 H2O – 1.0 g, 
Na2SO4 10 H2O – 0.5 g, NaCl – 0.5 g, CaCl2 6 H2O – 
0.5 g and FeCl3 1% solution – 0.5 ml in 1 litre of distilled 
water. The contents of the test-tubes were analysed after 
4, 6 and 8 days, by taking 1 ml of the solution for each 
analysis. Several dilutions were prepared in the physio-
logical saline solution before inoculating MPA (meat-
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peptone agar by Carl Roth). Agar plates were incubated 
in triplicate at 28 °C and colony forming units (CFUs) 
were counted after 24 h. 
To determine the quantity of HDMs, a mineral me-
dium (Zviagincev 1991) consisting of: KCl – 0.5 g, 
MgSO4, – 0.5 g, K2HPO4, – 1 g, FeSO4, – 0.01 g, 
NaNO3 – 2 g, CaCO3 – 3 g and agar – 20 g in 1 litre of 
distilled water was used. Sterile heavy fuel oil (1% v/v) 
was used for a carbon source. Serial dilutions were pre-
pared in the physiological saline solution before inoculat-
ing the media. The plates were incubated three times at 
28 °C and counted after 48 h. The calculation of aerobic 
heterotrophs was performed accordingly (Peressutti 
2003). 
During the experiment, soil moisture was 10% or 
higher; monitoring was performed by meter KERN MRS 
120–3. 
Twice each month, the soil was enriched with nutri-
tive substance: ammonium nitrate (NH4NO3) – 1.2 g/5 kg 
of soil, super phosphate (CaH2PO4·H2O·2CaSO4) – 
0.22 g/5 kg of soil, and potassium chloride (KCl) – 
0.12 g/5 kg. Chemical additives were introduced once per 
month. The experiment was made in natural daylight at 
room temperature of 18–22 °C. The soil was aerated 
twice a week. 
Statistical analysis was made using Statgraphics Plus 
software. The influence of chemical substances on 
growth of microorganism, the rate of biodegradation 
process and oil products concentrations were evaluated 
using analysis of variance (ANOVA). The significance 
probability levels of the results are given at the P <0.05. 
 
3. Results and discussion 
3.1. The impact of chemical additives on the residual 
concentrations of oil products 
Large concentrations of pollutants have been chosen for 
testing biodegradation of oil products. When the pollution 
of soil is 30 g/kg and more, the duration of treatment is 
no less than 150–180 days. Oil products block the soil 
pores; it is complicated to ensure aerobic conditions and 
sufficient amount of microorganisms for biodegradation 
to occur. Positive effect of KMnO4 was noticed in earlier 
research tests (Zukauskaite et al. 2008), when small 
amounts of metal additives were inoculated, they had an 
impact on both growth of HDMs and the speed of biodeg-
radation. On the other hand, Mn salts bear the acceptor 
characteristics of and electron, so they may oxidize hy-
drocarbons at anaerobic conditions. Research was carried 
out using Mn (IV) for oxidation of aliphatic and aromatic 
hydrocarbons (Villatoro-Monzón et al. 2008). 
The change in the concentrations of oil products is 
shown in Figs 1 and 2. 
As previously mentioned in the experiment, heavy 
fuel oil and diesel fuel concentrations were the same in 
all treatments, i.e. 30 g/kg.  
Fig. 1 illustrates that within 30 days, the addition of 
Mn into soil samples with heavy fuel oil and diesel fuel 
provide the best biodegradation conditions. The heavy 
fuel oil biodegradation process succeeded mostly in those 
samples, where MnSO4 was added. Soil pollution with 
heavy fuel oil concentrations decreased more intensively 
in samples with MnSO4. The least residual concentrations 
of heavy fuel oil were, respectively: with MnSO4 – 
14.49 g/kg, with KMnO4 – 16.35 g/kg, while in control 
samples – 18.11 g/kg. Comparing the change of diesel 
fuel concentrations using different valences of Mn salts, 
we can confirm that diesel fuel was intensively decom-
posed in samples with added KMnO4.  
Our results indicate that, when using KMnO4, the ef-
fectiveness of diesel fuel degradation after 120 days was 
73%, while in the control samples – 62%. After MnSO4 
inputs were made, the effectiveness of heavy fuel oil 
degradation was 52%, compared with control samples 
with 40%. 
In attempt to find out the impact of KMnO4, the oxi-
dizing effect of the material was compared with the oxi-
dizing effect of another oxidizing agent H2O2. Hydrogen 
peroxide is usually used as an oxidizing agent both in a 
composition with Fenton’s reagent (Pignatello, Chapa 




Fig. 1. Change in oil product concentration depending on time (● – control group; ■ – KMnO4; ▲ – MnSO4): a) diesel fuel,  b) heavy fuel oil. Error bars indicate standard deviation between replicates (n = 3) 




Fig. 2. Change in oil product concentration depending on time (♦ – control; ■ – KMnO4; ▲ – H2O2): a) diesel fuel, b) heavy fuel oil. Error bars indicate standard deviation between replicates (n = 3) 
 
The change of concentrations of diesel fuel in soil is 
presented in Fig. 2a, showing that concentration of diesel 
fuel in control samples and samples containing hydrogen 
peroxide was changing similarly up to day 60, and where 
potassium permanganate was used as an oxidizing agent, 
much quicker removal of pollutant from soil can be ob-
served. The results are correlated with research carried 
out by other authors (Tsai, Kao 2009), who state that free 
OH radicals from hydrogen peroxide form better in the 
presence of metal. The process of degradation became 
slower after 90 days: the degradation of diesel fuel was 
almost the same in samples with oxidizing agent. How-
ever, the efficiency of potassium permanganate for the 
degradation of pollutants remained higher than that of 
hydrogen peroxide. Compared with the initial concentra-
tion of diesel fuel, we can see that the residual concentra-
tion of diesel fuel using hydrogen peroxide is 3.11 g/kg, 
while using potassium permanganate – 1.74 g/kg, while 
the value in control samples is 9.38 g/kg. 
When soil is polluted with diesel fuel, a statistically 
significant difference (p <0.05) between the control sam-
ple and samples with oxidizing agents occurs in 60 days. 
A statistically significant difference was determined be-
tween KMnO4 and H2O2, which shows that potassium 
permanganate has a greater impact on the degradation of 
diesel fuel than hydrogen peroxide. The residual concen-
tration of diesel fuel in samples with KMnO4 was 3 times 
less statistically significant than in samples with H2O2, 
and 5 times less than in control samples.  
When comparing the decrease of heavy fuel oil con-
centration using oxidizing agents in the course of time 
(Fig. 2b), it was noticed that a statistically significant 
difference (p <0.05) occurs between control samples and 
samples with added oxidizing agents. Residual concentra-
tions of heavy fuel oil were almost 3 times less statistical-
ly significant in samples with oxidizing agents than in 
control samples. However, there is no statistically signifi-
cant difference between the oxidizing agents used (potas-
sium permanganate and hydrogen peroxide).  
A particular effect of oxidizing agents on the de-
crease of heavy fuel oil concentration was observed dur-
ing the last month of research. If the initial concentration 
of heavy fuel oil was 30 g/kg, residual concentrations 
were, respectively: with hydrogen peroxide – 3.64 g/kg, 
with potassium permanganate – 3.95 g/kg, while in con-
trol sample – 10.29 g/kg (Fig. 2b).  
When assessing the efficiency of degradation of oil 
products in different samples, it was determined that die-
sel fuel was degraded the fastest in samples with potassi-
um permanganate, where efficiency of degradation was 
94%, and 90% in samples with H2O2, when efficiency in 
control samples was only up to 69%. Heavy fuel oil was 
degraded the best in samples, where H2O2 was added: 
efficiency of degradation was up to 88%. In samples with 
KMnO4, efficiency of degradation was 87%. In control 
samples – 66%. 
 
3.2. The impact of chemical additives on the growth  
of microorganisms 
The aim of the experiment was to identify the impact of 
chemical additives on both the total amount of microor-
ganisms (aerobic heterotrophs) in soil and hydrocarbon 
degrading microorganisms. When analyzing the effect of 
Mn of different valence on the total number of microor-
ganisms in soil, attempts were made to find out, whether 
the used concentrations of chemical substances do not 
reduce the number of microorganisms, as not only the 
number of HDM, but also the total vitality of microorgan-
isms in soil affect the process of oxidation of oil prod-
ucts.  
Fig. 3 shows that different influence of Mn salt on 
the increase of microorganisms in soil with heavy fuel oil 
is observed on day 60, and in soil with diesel fuel – on 
day 30.  
Moreover, on day 60, in the samples of soil polluted 
with heavy fuel oil impacted with KMnO4, the amount of 
aerobic heterotrophs was increasing and reached its max 
of 338.56 mln. col./g; a sudden decrease of the amount of 
microorganisms amounting to 50.59 mln. col./g was noti-
ced in control samples and 30.52 mln. col./g in samples 
with MnSO4. Soil polluted with diesel fuel with samples 




Fig. 3. Change in amounts of aerobic heterotrophs depending on time: a) diesel fuel, b) heavy fuel oil. Error bars indicate standard 
deviation between replicates (n = 9) 
 
 
Fig. 4. Change in HDM amounts depending on time: a) diesel fuel, b) heavy fuel oil. Error bars indicate standard deviation between 
replicates (n = 9) 
 
of KMnO4 (on day 30 of the experiment) reached 
515.24 mln. col./g. and with samples of MnSO4 – 
418.96 mln. col./g. However, on day 60, the higher 
amount of microorganisms was in the samples with 
MnSO4. During the entire course of the experiment, posi-
tive growth of microorganism colonies was observed, 
when Mn salts were used, especially KMnO4. Wün-
sche et al. (1995) reported that change in hydrocarbon 
content in soil resulted in characteristic shifts of the sub-
strate utilization patterns by the microorganisms. Fur-
thermore, the altered pattern of substrate utilization 
corresponded with similar changes in the abundance of 
hydrocarbon-utilizing bacteria and the occurrence of 
specific bacterial groups in the soils. 
The concern related to the use of microorganisms as 
bioindicators is that changes in bacterial numbers might 
indicate a stimulated biodegradation process, but they do 
not necessarily represent an accurate measurement of the 
actual biodegradation (Maila 2005). 
Fig. 4 shows that after 30 days in the samples of soil 
polluted with heavy fuel oil impacted with MnSO4, the 
highest amount of HDM is approx. 75.20 mln. col./g; 
however, the amount of microorganisms decreased sud-
denly during the remaining time of the experiment. The 
biggest amount of HDM – about 64.84 mln. col./g – was 
indicated with KMnO4 on day 60. The minimal amount 
of microorganisms was in the control samples.  In case of 
soil polluted with diesel fuel, a stable increase of HDM 
was perceptible in all samples, especially with Mn salts. 
However, the amount of HDM was increasing the most 
effectively in samples with KMnO4, just as in case with 
soil polluted with heavy fuel oil.  
Higher growth rate of HDM with the help of Mn 
salts allows us to conclude that Mn acted not only as a 
hydrocarbon oxidizer, but also as a promoter of biodegra-
dation. 
In the study by (Chander et al. 1997), the fluctuation 
of microorganism biomass in sludge enriched with metals 
was discussed. Also, experiments with each of microele-
ments (Zn, Cu, Ni, Cd) and without them were made. It 
was determined that higher than permissible metal con-
centrations resulted in negative increments of microor-
ganism biomass.  
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Such results coincided with (Riis et al. 2002), where 
a negative influence of metals (Cu was among them) on 
microorganisms was observed. This difference was pos-
sibly observed due to different salt or metal concentra-
tions. 
Comparing the data of soil polluted with diesel fuel 
with the data of soil polluted with heavy fuel oil, it be-
comes apparent that the amount of aerobic heterotrophs 
in soil with diesel fuel was several times higher than the 
amount of aerobic heterotrophs in soil polluted with 
heavy fuel oil.   
The obtained results demonstrate that comparing dif-
ferent oxidizing agents (Figs 5 and 6), KMnO4 has a posi-
tive impact on the amount of aerobic heterotrophs and 
number of HDM.  
As provided in Fig. 5, the biggest amounts of aero-
bic heterotrophs in all samples (in soil with diesel fuel 
and in soil with heavy fuel oil) were determined on day 
30 of the experiment, while the number of microorgan-
isms suddenly decreased in all of the samples on day 120.  
Subsequent to statistical analysis of the data ob-
tained during the experiment, a statistically significant 
difference (p <0.05) was determined both in soil polluted 
with heavy fuel oil and soil polluted with diesel fuel, 
between the control samples and samples, to which oxi-
dizing agents were added. When comparing the total 
growth of aerobic heterotroph colonies in samples with 
different oxidizing agents, a statistically significant dif-
ference (p <0.05) between the oxidizing agents was also 
determined.   
When soil is polluted with diesel fuel, a statistically 
significant difference between the oxidizing agents was 
determined on the day 30 of the experiment. Fig. 5 shows 
that the biggest amount of microorganisms (550.51 mln. 
col./g) was determined in samples, where KMnO4 was 
added. Also, a bigger amount of microorganisms in sam-
ples containing hydrogen peroxide compared with control 




Fig. 5. Change in amounts of aerobic heterotrophs depending on time: a) diesel fuel, b) heavy fuel oil. Error bars indicate standard 
deviation between replicates (n = 9) 
 
 
Fig. 6. Change in amounts of HDM amount during time: a) diesel fuel, b) heavy fuel oil. Error bars indicate standard deviation  
between replicates (n = 9) 
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A positive effect on the growth of microorganism 
colonies in the samples of soil polluted with heavy fuel 
oil and KMnO4 additive was observed during the entire 
course of the experiment (Fig. 5b). Also, better results 
were obtained in samples with hydrogen peroxide, when 
comparing them with control samples. The maximum 
amount of microorganisms was determined on day 60 in 
the samples with added KMnO4, and it was up to 
355.13 mln. col./g. At this moment, a statistically signifi-
cant difference emerges between the samples containing 
different oxidizing agents. It was determined that, when 
using KMnO4 as an oxidizing agent, the value of the total 
amount of microorganisms on day 60 of the experiment 
was 4 times more statistically significant than in samples 
with added H2O2. 
The results of the experiment show that potassium 
permanganate acted not only as an oxidizing agent, but 
also as a microelement having a positive effect on micro-
organisms.  
Differently than the amount of aerobic heterotrophs, 
the amount of hydrocarbon degrading microorganisms 
grew in all samples and decreased significantly only on 
day 120 (150), as nutrients became insufficient for the 
total amount of microorganisms, so they began to die and 
decrease in the number of microorganisms (Fig. 6). 
When researching the impact of oxidizing agents on 
the growth of hydrocarbon degrading microorganisms, a 
positive effect was observed using both potassium per-
manganate and hydrogen peroxide. Having made a statis-
tical analysis of results, a statistically significant differ-
rence between control samples and samples containing 
KMnO4 was observed.  
On day 30 of the experiment, a greater amount of 
HDMs was determined in samples with added H2O2 both 
in soil with heavy fuel oil and diesel fuel, and a positive 
effect of KMnO4 on the growth of microorganisms was 
observed during the remaining time of the experiment.  
The greatest amount of HDMs in the soil polluted 
with diesel fuel amounting to 32.11 mln. col./g was ob-
served in samples with added KMnO4, while the greatest 
amount in control samples was 16.97 mln. col./g during 
the same time. In the soil polluted with heavy fuel oil, 
maximum amounts of HDMs in samples with KMnO4 
were 36.61 mln. col./g. The effect of H2O2 on the number 
of hydrocarbon oxidizing microorganisms was not ob-
served after day 60. 
The present research allows making a conclusion 
that oil products are oxidized by both KMnO4 and H2O2. 
However, Mn also has an effect on the number of HDMs 
and acts as a catalyst in enzymatic reactions. 
 
4. Conclusions  
The experiment performed by the authors has indicated 
that: 
1. During 120 days, it was determined that use of 
KMnO4 as an oxidizing agent in soil polluted with heavy 
fuel oil results in 3 times less statistically significant re-
sidual value of heavy fuel oil concentration than in con-
trol samples; however, there is no statistically significant 
difference with regard to which oxidizing agent (potassi-
um permanganate or hydrogen peroxide) should be used.  
2. When soil is polluted with diesel fuel, there is a 
statistically significant difference between use of KMnO4 
and H2O2, which shows that potassium permanganate has 
a greater effect on the degradation of diesel fuel than 
hydrogen peroxide. After 150 days in samples with 
KMnO4, the residual concentration of diesel fuel was 3 
times less statistically significant than in samples with 
H2O2 and 5 times less than in control samples.  
3. When assessing the oil degradation efficiency in 
different samples, it was determined that diesel fuel was 
degraded at the highest rate in samples with potassium 
permanganate, with degradation efficiency of 94% with 
KMnO4 and 90% with H2O2, when the efficiency of deg-
radation in control samples was only up to 69%. Heavy 
fuel oil was degraded best in samples with added H2O2 
with the efficiency of decomposition of up to 88%. In 
samples, where KMnO4 was added, the efficiency of 
decomposition was 87%. In control samples – 66%. 
4. Chemical additives had a positive impact on both 
the total number of microorganisms and the number of oil 
degrading microorganisms. The positive effect of chemi-
cal additives was different dependent on the period of 
biodegradation. A statistically significant difference 
(p <0.05) between control samples and samples with 
added oxidizing agents was determined in both soils: soil 
polluted with heavy fuel oil and soil polluted with diesel 
fuel. A statistically significant difference (p <0.05) be-
tween the used oxidizing agents was also determined, 
when comparing the total growth of microorganism colo-
nies in samples with different oxidizing agents.  
5. In cases of considerable pollution with oil prod-
ucts, it is appropriate to use chemical additives, as the 
duration of treatment may be reduced, and it is a very 
significant factor in the seasonal climate areas. Different 
chemical additives should be considered depending on 
the type of pollutant.  
 
References 
Atlas, R. M. 1995. Bioremediation, in C&EN Special Report. 
ACS Products services, American Chemical Society, Washington, DC, 32–42. 
Baath, E. 1989. Effects of heavy metals in soil on microbial 
processes and populations (a review), Water Air Soil Pol-
lut. 47: 335–379. http://dx.doi.org/10.1007/BF00279331  
Borden, R. C.; Gomez, C. A.; Becker, M. T. 1995. Geochemical 
indicators of intrinsic bioremediation, Ground Wat. 33: 
180–189. http://dx.doi.org/10.1111/j.1745-6584.1995. tb00272.x   
Chaliha, S.; Bhattacharyya, K. G. 2008. Using Mn(II)−MCM41 
as an Environment-Friendly Catalyst to Oxidize Phenol, 
2-Chlorophenol, and 2-Nitrophenol in Aqueous Solution, 
Ind. Eng. Chem. Res. 47(5): 1370–1379.  
 http://dx.doi.org/10.1021/ie071075f  
Chander, K.; Brookes, P. C. 1993. Residual effects of zinc, 
copper and nickel in sewage sludge on microbial biomass 
in a sandy loam, Soil. Biol. Biochem. 25: 1231–1239. 
http://dx.doi.org/10.1016/0038-0717(93)90219-2  
Chander, K.; Brookes, P. C.; Harding, S. A. 1997. Microbial 
biomass dynamics following addition of metal – enriched 
A. Žukauskaitė et al. The impact of chemical additives on the process of biodegradation of oil products 
 
24
sewage slugde to a sandy loam, Soil. Biol. Biochem. 27: 
1409–1421.  http://dx.doi.org/10.1016/0038-0717(95)00074-O  
Dai, J.; Becquer, T.; Rouiller, J. H.; Reversat, G.; Bernhard-
Reversat, F.; Lavelle, P. 2004. Influence of heavy metals 
on C and N mineralisation and microbial biomass in Zn-, 
Pb-, Cu-, and Cd- contaminated soils, Appl. Soil Ecol. 25: 99–109. http://dx.doi.org/10.1016/j.apsoil.2003.09.003  
Ferrarese, E.; Andreottola, G.; Oprea, A. 2008. Remediation of 
PAH-contaminated sediments by chemical oxidation, 
Journal of Hazardous Materials 152(1): 128–139.  
 http://dx.doi.org/10.1016/j.jhazmat.2007.06.080  
Gallego, J.; González-Rojas, E.; Peláez, A. I.; Sanchez, A. J.; 
Garcia-Martinez, M.; Ortiz, J., et al. 2006. Natural attenu-
ation and bioremediation of Prestige fuel oil along the At-
lantic coast of Galicia (Spain), Org Geochem 37: 1869–
1884. http://dx.doi.org/10.1016/j.orggeochem.2006.07.022  
Gallego, J. L. R.; Loredo, J.; Llamas, J. F.; Vazquez, F.; 
Sanchez, J. 2001. Bioremedation of diesel contaminated 
soils: evaluation of potential in situ techniques by study of 
bacterial degradation, Biodegradation 12: 325–335. 
http://dx.doi.org/10.1023/A:1014397732435  
Goi, A.; Kulik, N.; Trapido, M. 2006. Combined chemical and 
biological treatment of oil comtaminated soil, Chemos-
phere 63: 1754–1763. http://dx.doi.org/10.1016/j.che-mosphere.2005.09.023  
Villatoro-Monzón, W. R.; Morales-Ibarria, M. G.; Veláz-
quez, E. K.; Ramírez-Saad, H.; Razo-Flores, E. 2008.  
Benzene biodegradation under anaerobic conditions coup-
led with metal oxides reduction, Water Air Soil Pollut 
192:165–172.   http://dx.doi.org/10.1007/s11270-008-9643-x  
Laškova, T.; Zabukas, V.; Vaitiekūnas, P. 2007. Influence of 
meteorological conditions on volatile organic compound 
spread in the atmospheric boundary layer, Journal of En-
vironmental Engineering and Landscape Management 15(3): 135–143. 
Liu, C. W.; Chang, W. N.; Liu, H. S. 2009. Bioremediation of 
n – alkanes and the formation biofloccules by Rhodococ-
cus erythropolis NTV – 1 under various saline conditions 
and sea water, Biochemical Engineering Journal 45: 69–75. http://dx.doi.org/10.1016/j.bej.2009.02.009  
Lu, M.; Zhang, Z.; Qiao, W.; Guan, Y.; Xiao, M.; Chong 
Peng, C. 2010. Removal of residual contaminants in pet-
roleum-contaminated soil by Fenton-like oxidation, Jour-
nal of Hazardous Materials 179: 604-611.  
 http://dx.doi.org/10.1016/j.jhazmat.2010.03.046  
Maila, M. P.; Cloete, T. E. 2005. The use of biological activities 
to monitor the removal of fuel contaminants-perspective 
for monitoring hydrocarbon contamination: a review, In-
ternational Biodeterioration & Biodegradation 55(1):  1–8. http://dx.doi.org/10.1016/j.ibiod.2004.10.003  
Mannisto, M. K.; Tiirola, M. A.; Puhakka, J. M. 2001. Degrada-
tion of 2,3,4,6-tetrachlorophenol at low temperature and 
low dioxygen concentrations by phylogenetically different 
groundwater and bioreactor bacteria, Biodegradation 12: 291–301. http://dx.doi.org/10.1023/A:1014362508447  
Margesin, R.; Schinner, F. 2001. Bioremediation (natural atten-
uation and biostimulation) of diesel-oil-contaminated soil 
in an Alpine glacier skiing area, Appl. Environ. Microbiol. 
67: 3127–3133. http://dx.doi.org/10.1128/AEM.67.7. 
3127-3133.2001  
Mishra, S.; Jyot, J.; Kuhad, R. C.; Lal, B. 2001. Evaluation of 
inoculum addition to stimulate in situ bioremediation of 
oily-sludge-contaminated soil, Appl. Environ. Microbiol. 
67: 1675–1681.  
 http://dx.doi.org/10.1128/AEM.67.4.1675-1681.2001  
Nazina, T. N.; Pavlova, N. K.; Ni, F.; Shestakova, N. M.; Ivoi-
lov, V. S.; Feng, O.; Dongyun, Z.; Prusakova, T. S.; Bely-
aev, S. S.; Ivanov, M. V. 2008. Regulation of geochemical 
activity of microorganisms in a petroleum reservoir by in-
jection of H2O2 or water-air mixture, Mikrobiologiya 77(3): 370–379. 
Oh, Y. S.; Bartha, R. 1997. Construction of a bacterial consorti-
um for the biofiltration of benzene, toluene and xylene 
emissions, World J. Microbiol. Biol. 13: 627–632.  
 http://dx.doi.org/10.1023/A:1018506602004  
Paulauskienė, T.; Zabukas, V.; Vaitiekūnas, P. 2009. Investiga-
tion of volatile organic compound (VOC) emission in oil 
terminal storage tank parks, Journal of Environmental 
Engineering and Landscape Management 17(2): 81–89. http://dx.doi.org/10.3846/1648-6897.2009.17.81-88   
Peressutti, S. R.; Alvarez, H. M.; Pucci, O. H. 2003. Dynamics 
of hydrocarbon-degrading bacteriocenosis of an 
experimental oil pollution in Patagonian soil, Internatio-
nal Biodeterioration & Biodegradation 52: 21–30. http://dx.doi.org/10.1016/S0964-8305(02)00102-6  
Pignatello, J. J.; Chapa, G. 2009. Degradation of PCBs by ferric 
ion, hydrogen peroxide and UV light, Environmental 
Toxicology and Chemistry 13(3): 423–427.  
 http://dx.doi.org/10.1002/etc.5620130309  
Richmond, S. E.; Lindstrom, J. E.; Braddock, J. F. 2001. As-
sessment of natural attenuation of chlorinated aliphatics 
and BTEX in subsurface groundwater, Environ. Sci. 
Technol. 35: 4038–4045.  
 http://dx.doi.org/10.1021/es0108133  
Riis, V.; Babel, W.; Pucci, O. H. 2002. Influence of heavy met-
als on the microbial degradation of diesel fuel, Chemo-
sphere 49: 559–568. http://dx.doi.org/10.1016/S0045-
6535(02)00386-7  
Salminen, J. M.; Tuomi, P.M.; Suortti, A. M.; Jørgensen, K. S. 
2004. Potential for aerobic and anaerobic biodegradation 
of petroleum hydrocarbons in boreal subsurface, Biode-
gradation 15: 29–39.  
 http://dx.doi.org/10.1023/B:BIOD.0000009954.21526.e8  
Suguira, K.; Ishihara, M.; Shimauchi, I.; Harayma, S. 1997. 
Physicochemical properties and biodegradability of crude 
oil, Environmental Science and Technology 31: 45–51. http://dx.doi.org/10.1021/es950961r  
Sutton, N. B.; Grotenhuis, J. T. C.; Langenhoff, A. A. M.; Hu-
ub, H. M.; Rijnaarts, H. H. M. 2010. Efforts to improve 
coupled in situ chemical oxidation with bioremediation: a 
review of optimization strategines, Journal Soils Sedi-
ments. http://dx.doi.org/10.1007/s11368-010-0272-9  
Tsai, T. T.; Kao, C. M. 2009. Treatment of petroleum- hydro-
carbon contaminated soils perxide oxidation catalyzed by 
waste basic oxygen furnace slag, Journal of Hazardous 
Materials 170: 466–472. http://dx.doi.org/10.1016/j.jhazmat.2009.04.073  
Vasarevičius, S; Greičiūtė, K.; Šiaulytė, E. 2005. Investigation 
and evaluation of soil pollution with oil products in the 
most intensively used territories of Gaižiūnai military 
training ground, Journal of Environmental Engineering 
and Landscape Management 13(4): 160–167. 
Wünsche, L.; Brüggemann, L.; Babel, W. 1995. Determination 
of substrate utilization patterns of soil microbial commu-
nities: an approach to assess population changes after hyd-
rocarbon pollution, FEMS Microbiology Ecology. 17: 
295–306. 
Journal of Environmental Engineering and Landscape Management, 2012, 20(1): 17–26 
 
25
Xie, G.; Barcelona, M. J. 2003. Sequential chemical oxidation 
and aerobic biodegradation of equivalent carbon number-
based hydrocarbon fractions in jet fuel, Enviromental 
Science and Technology 37(20): 4751–4760.  
 http://dx.doi.org/10.1021/es026260t  
Zviagincev, D. G. 1991. Metody pochvennoj mikrobiologii i 
biokhimii. Moskva: MGU. 304 p. (in Russian) 
Žukauskaitė, A.; Jakubauskaitė, V.; Belous, O.; Ambrazaitie-
nė, D.; Stasiškienė, Ž. 2008. Impact of heavy metals on 
the oil products biodegradation process, Waste Manage-




CHEMINIŲ PRIEDŲ ĮTAKA NAFTOS PRODUKTŲ BIODEGRADACIJOS PROCESUI 
A. Žukauskaitė, V. Jakubauskaitė, D. Ambrazaitienė, V. Zabukas, T. Paulauskienė 
S a n t r a u k a 
Daugelis šiuolaikinių užteršto naftos produktais dirvožemio valymo technologijų vystosi kurdamos naujus ir efektyvius, 
naftos produktus skaidančius bioagentus. Kita naujų technologijų vystymosi kryptis – neįnešant mikroorganizmų, 
pagreitinti dirvožemyje jau esančių mikroorganizmų vystymąsi, paspartinant naftos produktų biodegradaciją. Dyzelino ir 
mazuto biodegracija buvo tirta dirvožemyje, naudojant cheminius priedus (oksidatorius). Buvo tirta H2O2, KMnO4 ir MnSO4  įtaka mazuto ir dyzelino liekamosioms koncentracijoms, bendram ir naftą oksiduojančių mikroorganizmų skaičiui dirvožemyje. Atlikus statistinę eksperimento metu gautų duomenų analizę, tiek grunte su mazutu, tiek su dyzelinu buvo 
nustatytas statistiškai reikšmingas (p < 0,05) skirtumas tarp liekamųjų naftos produktų koncentracijų tiek kontroliniuose 
bandiniuose, tiek bandiniuose, kuriuose buvo įterpti cheminiai priedai. Mazutu užterštame grunte nustatyta, kad kaip oksi-
datorių panaudojus KMnO4 likutinė mazuto koncentracijos reikšmė buvo tris kartus statistiškai reikšmingai mažesnė nei kontroliniuose bandiniuose,  tačiau nėra statistiškai reikšmingo skirtumo, kurį oksidatorių (ar kalio permanganatą ar 
vandenilio peroksidą) naudoti. Kai gruntas užterštas dyzelinu, tarp KMnO4 ir H2O2 naudojimo yra statistiškai reikšmingas skirtumas. Tai rodo, kad kalio permanganatas turi didesnę įtaką dyzelino degradacijai negu vandenilio peroksidas. Bandi-
niuose su KMnO4 liekamoji dyzelino koncentracija buvo tris kartus statistiškai reikšmingai mažesnė negu bandiniuose su H2O2 ir penkis kartus mažesnė nei kontroliniuose bandiniuose. Tiek bendrą, tiek naftą oksiduojančių mikroorganizmų skaičių teigiamai paveikė cheminiai priedai. Tiek grunte su mazutu, tiek su dyzelinu buvo nustatytas statistiškai 
reikšmingas (p < 0,05) skirtumas tarp mikroorganizmų kiekio kontroliniuose bandiniuose ir bandiniuose, į kuriuos buvo 
įterpti oksidatoriai. Tiek KMnO4, tiek MnSO4  naudojimas sudarė geresnes sąlygas biodegraduoti dyzelinui ir mazutui dirvožemyje. Viso eksperimento metu stebėtas teigiamas mikroorganizmų augimas, naudojant skirtingo valentingumo Mn 
(druskas). Įvairūs cheminiai priedai galėtų būti naudojami biovalymo technologiniame procese, kai dirvožemis yra 
užterštas skirtingais naftos produktais. 
Reikšminiai žodžiai: dirvožemio valymo technologijos, biodegradacija, mazutas, dyzelinas, cheminiai priedai, mikrobio-
loginis aktyvumas. 
 
ВЛИЯНИЕ ХИМИЧЕСКИХ ДОБАВОК НА ПРОЦЕСС БИОДЕГРАДАЦИИ НЕФТЕПРОДУКТОВ 
A. Жукаускайте, В. Якубаускайте, Д. Амбразайтене, В. Забукас, Т. Паулаускене 
Р е з ю м е 
Большинство современных технологий по очистке грунта от нефтепродуктов развиваются в направлении созда-
ния новых, более эффективных биоaгентов, способствующих деструкции нефтепродуктов в грунте. Альтернатив-
ное направление развития данных технологий заключается в ускорении размножения микроорганизмов, 
присутствующих в грунте, и тем самым ускорении биодеградации нефтепродуктов. Исследование биодеградации 
дизельного топлива и мазута в грунте проводилось при использовании химических добавок (оксидаторов). Про-
водилось исследование влияния H2O2, KMnO4 и MnSO4 на изменение конечной концентрации дизельного топлива и мазута, а также на изменение общего количества нефтеусваивающих микроорганизмов. Статистический анализ 
экспериментальных данных показал, что в  грунте с мазутом, так же, как и в грунте с дизельным топливом, суще-
ствует статистически значимая разница (p < 0,05) между концентрациями нефтепродуктов в контрольных пробах 
и в пробах грунта с содержанием химических добавок. Установлено, что в грунте, загрязненном мазутом, во вре-
мя использования оксидатора KMnO4 значение конечной концентрации нефтепродукта было в 3 раза статистиче-ски менее значимое, чем в контрольных пробах, однако нет статистически значимой разницы, какой оксидатор 
использовать – H2O2 или KMnO4. В случае загрязнения грунта дизельным топливом было установлено, что между KMnO4 и H2O2 существует статистически значимая разница, что позволяет утверждать, что KMnO4 имеет большее влияние на процесс деградации нефтепродукта, чем H2O2. В пробах с KMnO4 статистически значимая разница ко-нечной концентрации дизельного топлива в грунте была в 3 раза меньше, чем с H2O2, и в 5 раз меньше, чем в кон-трольных пробах. Химические добавки положительно воздействовали и на общее количество микроорганизмов, и 
на количество нефтеусваивающих микроорганизмов. Использование KMnO4 и MnSO4 способствовало улучшению условий биодеградации дизельного топлива и мазута в грунте. Во время всего эксперимента, используя соли Mn 
разной валентности, наблюдался постоянный рост количества микроорганизмов. На основании результатов дан-
ного исследования можно рекомендовать различные анализированные добавки к использованию в технологиче-
ском процессе биологической очистки грунта от различных нефтепродуктов. 
Ключевые слова: технологии по очистке грунта, биодеградация, дизельное топливо, мазут, химические добавки, 
размножение микроорганизмов. 
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